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Q , Abstract 

In this study, we discuss stellar spots, stellar flares and also the relation between these two magnetic proccess 
that take place on UV Ceti stars. In addition, the hypothesis about slow flares described by Gurzadian (1986) will be 
discussed. All these discussions are based on the results of three years of observations of the UV Ceti type stars AD 
Leo, EV Lac, VI 005 Ori, EQ Peg and VI 054 Oph. First of all, the results show that the stellar spot activity occurs 
on the stellar surface of EV Lac, VI 005 Ori and EQ Peg, while AD Leo does not show any short-term variability 
and VI 054 Oph does not exhibits any variability. We report new ephemerides, for EV Lac, VI 005 Ori and EQ Peg, 
obtained from the time series analyses. The phases, computed in intervals of 0.10 phase length, where the mean 
flare occurence rates get maximum amplitude, and the phases of rotational modulation were compared to investigate 
' whether there is any longitudinal relation between stellar flares and spots. Although, the results show that flare 

events are related with spotted areas on the stellar surfaces in some of the observing seasons, we did not find any 
clear correlation among them. Finally, it is tested whether slow flares are the fast flares occurring on the opposite 
side of the stars according to the direction of the observers as mentioned in the hypothesis developed by Gurzadian 
(1986). The flare occurence rates reveal that both slow and fast flares can occur in any rotational phases. The flare 
occurence rates of both fast and slow flares are varying in the same way along the longitudes for all program stars. 
. These results are not expected based on the case mentioned in the hypothesis. 

Key words: methods: data analysis — methods: statistical — stars: activity — stars: starspots — stars: flare — 
stars: individual(AD Leo, EV Lac, V1005 Ori, EQ Peg, V1054 Oph) 
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from two years observations of YZ CMi and EV Lac with Ion- 
Many samples of UV Ceti type stars posses the stellar spot gitudes of flare events and distributions of flare energy and fre- 
activity known as BY Dra Syndrome. The BY Dra Syndrome quencies along the longitude obtained in the same work. Direct 
among the UV Ceti stars was first found by Kron (1952). He comparisons and statistical tests are not able to reveal positive 
reported the existence of sinusoidal-like variations at out-of- relationships between flare frequency or flare energy and the 
eclipses of the eclipsing binary star YY Gem. Kron (1952) ex- position of the spotted region. In another extended work, Leto 
• • | plained this sinusoidal-like variation at out-of-eclipse as a het- et al. (1997) looked for whether there is any relation between 
. £h ' erogeneous temperature on star surface, which was called BY stellar spots and flares observed from 1967 to 1977 in the ob- 
Dra Syndrome by Kunkel (1975). This interpretation of BY servations of EV Lac. The authors were able to find a relation 
;_h . Dra Syndrome in terms of dark regions of the surface of rotat- in the year 1970. They could not find any relation in other ob- 
ing stars was confirmed, based on more rigorous arguments, by serving seasons because of the higher threshold of the system 
later works of Torres & Ferraz Mello (1973); Bopp & Evans used for flare detection. In the last years, Garcfa-Alvarez et al. 
(1973); Vogt (1975); Friedemann & Guertler (1975). (2003) found some flares occurring in the same active area with 

Since the most of solar flares occur over solar spot regions, other activity patterns with using simultaneous observations, 

in the stellar case it is also expected to find a correlation be- Since no correlation is found between stellar spots and 

tween the frequency of flares and the effects caused by spots flares, a hypothesis about fast and slow flares was put for- 

in the light curve. In order to determine a similar relation ward. The hypothesis is based on the work named as Fast 

among the stars, lots of studies have been made using UV Ceti Electron Hypothesis. According to this hypothesis, the shape 

type stars showing stellar spot activity such as BY Dra. One of a flare light variation depends on the location of the event 

of these studies was reported by Bopp (1974) on YY Gem. on the star surface in respect to direction of observer. If the 

Bopp (1974) did not find a clear correlation between the lo- flaring area is on the front side of the star according to the ob- 

cation and extent in longitude of flares and spots on YY Gem. server, the light variation shape looks as a fast flare. If the 

Moreover, he notes that the longitudinal extent he derived for flaring area is on the opposite side of the star according to 

a flare-producing region is in good agreement with the longitu- the observer, the light variation shape looks as a slow flare 

dinal extents of starspots previously calculated for BY Dra and (Gurzadian 1965; Gurzadian 1986). In addition, Gurzadian 

CC Eri by Bopp & Evans (1973). In another study, Pettersen (1988) described two types of flares to model flare light curves. 
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Gurzadian (1988) indicated that thermal processes are domi- 
nant in the processes of slow flares, which are 95% of all flares 
observed in UV Ceti type stars. Non-thermal processes are 
dominant in the processes of fast flares, which are classified as 
"other" flares. According to Gurzadian (1988), there is a large 
energy difference between these two types of flares. Moreover, 
Dal & Evren (2010) developed a rule to the classifying of fast 
and slow flares. When the ratios of flare decay times to flare 
rise times are computed for two types of flares, the ratios never 
exceed 3.5 for all slow flares. On the other hand, the ratios are 
always above 3.5 for fast flares. It means that if the decay time 
of a flare is 3.5 times longer than its rise time at least, the flare 
is a fast flare. If not, the flare is a slow flare. 

In this paper, the results obtained from Johnson UBVR ob- 
servations of AD Leo, EV Lac and VI 005 Ori will be dis- 
cussed. Shakhovskaya (1974) and Bopp & Espanak (1977) 
reported that VI 005 Ori is a flare star that exhibits rotational 
modulation due to stellar spots. The authors found an am- 
plitude variation of 0"\08 with a period of l d .96 in V band. 
Besides, Bopp et al. (1978) examined photometric data in the 
time series analyses and found 4 periods for rotational modu- 
lation. The period of l d .858 is suggested as the most probable 
period among them. On contrary, in B band observations of 
1981, a 4.56 ± 0.01 day period variation with an amplitude of 
m .16 was found (Byrne et al. 1984). No important light 
curve changes are seen in the years 1996 and 1997, while the 
minimum phases of rotation modulation is varied from P .40 
to P .55. The amplitude of the curves is m .10 in the year 
1996, but in the year 1997 it gets larger than the previous ones 
(Amadoetal. 2001). 

In the case of AD Leo, it is a debate issue whether AD Leo 
has any stellar spot activity, or not. Chugainov (1974) and 
Mullan (1974) show that AD Leo does not exhibit any rota- 
tional modulation caused by stellar spots. Besides, Anderson 
(1979) found no variations at the 0.02 magnitude level during 
the period 1978, May 10 to 17. However, Spiesman & Hawley 
(1986) reveals that AD Leo demonstrates BY Dra Syndrome 
with a period of 2.7 ± 0.05 days. In addition, Panov (1993) 
confirmed this period of AD Leo for BY Dra variation. 

On the other hand, EV Lac is a well known active star with 
both high level flare and stellar spot activities. Mahmoud & 
Olah (1981) indicated that the star has no variation caused by 
rotational modulation in the observations in B band from 1972 
to 1976. However, Pettersen (1980) showed a rotational mod- 
ulation with a period of 4 d .378 and an amplitude of m .07. 
Pettersen et al. (1983), based on continuous observations from 
1979 to 1981, renewed the ephemerides of the variation as a pe- 
riod of 4 d .375 and an amplitude of m .08. This indicates that 
the light curves of EV Lac were almost constant for 2.5 years 
because the spot groups on the star are stable during these 2.5 
years. Using the renewed ephemerides, Kleinman et al. (1987) 
found the amplitude of light curve enlarging from m .08 to 
m .16 in the year 1986. On the other hand, no variation was 
seen in the light curve of the year 1987. Pettersen et al. (1992) 
showed that the spotted area is located in the same semi-sphere 
on EV Lac for 10 years. Comparing the phases of the light 
curve minima caused by rotational modulation with the flare 
frequencies and the distribution of the flare equivalent dura- 
tions for YZ CMi and EV Lac, Pettersen et al. (1983) showed 



that there is no relation between the flare activity and stellar 
spot activity on these stars. 

EQ Peg is classified as a metal-rich star and it is a member of 
the young disk population in the galaxy (Veeder 1974; Fleming 
et al. 1995). EQ Peg is a visual binary (Wilson 1954). Both 
components are flare stars (Pettersen et al. 1983). Angular 
distance between components is given as a value between 3". 5 
and 5".2 (Haisch et al. 1987; Robrade et al. 2004). One of 
the components is 10.4 mag and the other is 12.6 mag in V 
band (Kukarin 1969). Observations show that flares on EQ 
Peg generally come from the fainter component (Foster 1995). 
Rodono (1978) proved that 65% of the flares come from faint 
component and about 35% from the brighter component. 

The fourth star in this study is VI 054 Oph, whose flare ac- 
tivity was discovered by Eggen (1965). Norton et al. (2007) 
demonstrated that EQ Peg has a variability with the period of 
l d .0664. V1054 Oph (= Wolf 630ABab, Gliese 644ABab) is a 
member of Wolf star group (Joy 1947; Joy & Abt 1974). Wolf 
630ABab, Wolf 629 AB (= Gliese 643AB) and VB8 (= Gliese 
644C), are the members of the main triplet system, whose 
scheme is shown in Fig. 1 given by Pettersen et al. (1984). The 
masses were derived for each components of Wolf 630ABab 
by Mazeh et al. (2001). The author showed that the masses 
are 0.41 M for Wolf 629A, 0.336 M for Wolf 630Ba and 
0.304 Mq for Wolf 630Bb. In addition, Mazeh et al. (2001) 
demonstrated that the age of the system is about 5 Gyr. 

In this study, for each program stars, we analyse the varia- 
tions at out-of-flare for each light curves obtained in Johnson 
UBVR observations, or not. Although all of them show high 
flare activity, EV Lac, VI 005 Ori and EQ Peg exhibit stellar 
spot activity. On the other hand, the spot activity is not obvious 
for AD Leo. It is discussed whether AD Leo has any stellar 
spot activity, or not. Finally, this work do not demonstrate any 
variation from rotational modulations. To perform this kind of 
studies we would require a long term observing program. As a 
part of this study, the phase distributions for both fast and slow 
flares are examined in terms of the minimum phases of rota- 
tional modulation. Thus, hypothesis developed by Gurzadian 
(1986) is tested. 

2. Observations and Analyses 

2.1. Observations 

The observations were acquired with a High-Speed Three 
Channel Photometer attached to the 48 cm Cassegrain type 
telescope at Ege University Observatory. Observations were 
grouped in two schedules. Using a tracking star in second 
channel of the photometer, flare observations were only contin- 
ued in standard Johnson U band with exposure times between 
2 and 10 seconds. The same comparison stars were used for 
all observations. The second observation schedule was used 
for determining whether there was any variation out-of-flare. 
Pausing flare patrol of program stars, we observed them once 
or twice a night, when they were close to the celestial merid- 
ian. Using a tracking star in second channel of the photometer, 
the observations in this schedule were made with the exposure 
time of 10 seconds in each band of standard Johnson UBVR 
system, respectively. There were any delay between the expo- 
sure in different filters due to the High-Speed Three Channel 
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Photometer. 

Although the program and comparison stars are so close on 
the sky, differential atmospheric extinction corrections were 
applied. The atmospheric extinction coefficients were obtained 
from the observations of the comparison stars on each night. 
Moreover, the comparison stars were observed with the stan- 
dard stars in their vicinity and the reduced differential mag- 
nitudes, in the sense variable minus comparison, were trans- 
formed to the standard system using procedures outlined by 
Hardie (1962). The standard stars are listed in the catalogues 
of Landolt (1983) and Landolt (1992). And also, the de- 
reddened colour of the systems were computed. Heliocentric 
corrections were also applied to the times of observations. The 
mean averages of the standard deviations are m .015, m .009, 
m .007 and m .007 for the observations acquired in standard 
Johnson UBVR bands, respectively. To compute the standard 
deviations of observations, we use the standard deviations of 
the reduced differential magnitudes in the sense comparisons 
(CI) minus check (C2) stars for each night. There is no varia- 
tion in the standard brightness comparison stars. 

The identities of all programme stars and their comparisons 
are given in Table 1 . All the magnitudes and colour indexes in 
the table were were taken from Dal & Evren (2010) and Dal 
&Evren (2011). 

The observation reports of programme stars are given in 
Table 2. In this table, "observing seasons" are given with HJD 
intervals. The observing season refer the period of the year in 
which each star can be seen from the site of observation. In 
the last column of the table, the number of night refers to total 
number of nights dedicated to observe the corresponding star 
in a given observing season. 

2.2. The Time Series Analyses 

All data sets were analysed with the method of Discrete 
Fourier Transform (DFT) (Scargle 1982). The results obtained 
from DFT were tested by two other methods. One of them is 
CLEANest, which is another Fourier method (Foster 1995), 
and the second method is the Phase Dispersion Minimization 
(PDM), which is a statistical method (Stellingwerf 1978). 
These methods confirmed the results obtained by DFT. 
Although analyses showed a variation in each observation sea- 
son for EV Lac, VI 005 Ori and EQ Peg, analyses do not in- 
dicate any variation for both AD Leo and VI 054 Oph in each 
season. All data set obtained in Johnson UBVR bands are given 
in Table 3 for each star. The star names are given in the first 
column, the observing seasons are given in the second column 
and HJDs are in the third column. V band magnitudes, U-B, B- 
V and V-R colour indexes are given in the next four columns. 
The number between brackets are the standard deviations in the 
columns. 

The values of U-B colour indexes listed in Table 3 were not 
use in time series analyses, because the U-B colour indexes are 
much more sensitive to the flare activity on the surface of the 
programme stars. When a small flare occurred to detected in 
respect to the higher threshold, it is not seen any sign in V light, 
B-V and V-R colours. On the other hand, some distinctive sign 
is seen in U band light and U-B colour. 

The time series analyses do not demonstrate any short-term 
variation in one season for VI 054 Oph. However, the levels 



of both the brightness in V band and the colours are varying 
from one season to next one. This is seen from Figure 1. The 
light and colour curves in this figure are versus HJD instead of 
phase. This is because there is no known rotational period for 
VI 054 Oph. As it is seen from the figure, there is no data for 
V-R colour variation in the first observing season of the star, 
this is because the star was observed in the UBV bands in the 
first season. Like VI 054 Oph, the time series analyses do not 
reveal any regular variation for AD Leo. For other analyses, 
the ephemeris given in Equation (1) taken from Panov (1993) 
was used in phase calculations for all UBVR observations of 
AD Leo. 

JD (Hel.) = 24 49099.489 + 2 d .7 x E. (1) 

In Figure 2, standard V band light and U-B, B-V and V-R 
colour curves are shown for three observing seasons. When 
this Figure is examined, it is clearly seen that some observa- 
tion points exceed above the level of the standard deviations, 
but the time series analysis does not give any regular varia- 
tion. Although AD Leo does not show any regular variation in 
one observing season, as it is seen from the Figure, level of the 
brightness in V band is increasing about m .01 from the season 
2004/2005 to next one and m .02 from the season 2005/2006 
to last season. This is the same in the other bands. The colour 
curves in Figure 2 show that the stars do no exhibit any distinc- 
tive colour variation in a season. On the other hand, V-R colour 
gets bluer from a season to next one, when the star get brighter. 

In case of EV Lac, the time series analyses gave almost the 
same periods changing unsystematically from 4 d .331 ± 0.037 
to 4 d .379 ± 0.017 for each data set of three observing season. 
When all the data sets were analysed together, the time series 
analysis gave a period of 4 d . 351 7 ±0.001 given in Equation (2) 
for rotational modulation of EV Lac. The periods found from 
the each sets and the all seasons are similar to those found by 
Pettersen et al. (1983) and Mahmoud & Olah (1981). 

It must be noted that we could not observed EV Lac for a 
while, about 20 days, in the middle of the seasons 2004. When 
we started to observe the star after 20 days later, we saw that 
the light curves had been partly changed. Therefore, the data 
set was divided in two parts as Set 1 and Set 2 to solve this 
problem. We think that this is because of the rapid variations 
of active areas on the stellar surface of EV Lac. We did not see 
any similar variations on the other program stars. For example, 
we could not observed AD Leo for almost 100 days, in the 
middle of some seasons, but we saw that the light curves had 
not been changed yet. This is why we did not divided the data 
sets of AD Leo into two or more parts. This is the same for 
other stars. 

JD (Hel.) = 24 53202.47895 + 4 d .3517 x E. (2) 

Using the ephemeris given in Equation (2), the phases were 
computed for all data sets. V band light and U-B, B-V and V- 
R colour curves are shown for four data sets in Figure 3. For 
V band of EV Lac, the variations of minimum, maximum and 
mean average of brightness, amplitude and periods found from 
each data set are given in Figure 4. The time series analyses 
also show that minimum phases of the curves are changing. It 
is at about P 62 for Set 1 and 2, P 54 for Set 3, and P .60 
for Set 4. Comparing the colour curves with light curves for 
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Stars 


V (mag) 


B-V (mag) 


Spectral Type 


AD Leo 


9.388 


1.498 


M3 


CI =HD 89772 


8.967 


1.246 


K6-K7 


C2 = HD 89471 


7.778 


1.342 


K8 


V1005 Ori 


10.090 


1.307 


K7 


CI =BD+01 870 


8.800 


1.162 


K5 


C2 = HD 31452 


9.990 


0.920 


K2 


EV Lac 


10.313 


1.554 


M3 


CI =HD 215576 


9.227 


1.197 


K6 


C2 = HD 215488 


10.037 


0.881 


K1-K2 


EQPeg 


10.170 


1.574 


M3-M4 


CI = SAO 108666 


9.598 


0.745 


G8 


C2 = SAO 91312 


9.050 


1.040 


K3-K4 


V1054 Oph 


8.996 


1.552 


M3 


CI =HD 152678 


7.976 


1.549 


M3 


C2 = SAO 141448 


9.978 


0.805 


K0 



Table 2. Observational reports of the program stars for each observing season. 



Stars 


Observing 


HJD Interval 


Filter 


Number 




Season 


(+24 00000) 




of Night 


AD Leo 


2004/2005 


53377-53514 


UBVR 


15 




2005/2006 


53717-53831 


UBVR 


16 




2006/2007 


54071-54248 


UBVR 


13 


EV Lac 


2004 


53202-53240 


UBVR 


11 




2004 


53260-53312 


UBVR 


15 




2005 


53554-53652 


UBVR 


18 




2006 


53863-54058 


UBVR 


27 


V1005 Ori 


2004/2005 


53353-53453 


UBVR 


11 




2005/2006 


53640-53812 


UBVR 


22 




2006/2007 


53984-54158 


UBVR 


15 


EQPeg 


2004 


53236-53335 


UBVR 


13 




2005 


53621 - 53686 


UBVR 


9 


V1054 Oph 


2004 


53136-53167 


UBVR 


9 




2005 


53505 - 53564 


UBVR 


9 




2006 


53861-53894 


UBVR 


7 



Set 1, it is seen that B-V and V-R colours are getting bluer 
towards the phase of minimum seen in the light curve. There 
is no variation in colour curves for data Set 2 and 3. On the 
other hand, both the colours are getting reddening towards the 
minimum phases of light curves in the last season. 

V1005 Ori was observed in three observing seasons. 
Because of the winter weather conditions, some observation 
could not be carried on. This is why there are some empty 
phases in the light curve of the season of 2004/2005. However, 
the data obtained is enough for the time series analysis. The 
time series analyses gave almost the same periods changing 
unsystematically from 4 d .419 ± 0.005 to 4 d .429 ± 0.014 for 
each data set of three observing season. The periods found in 
this study are close to the period found by Byrne et al. (1984). 
When all the data sets were analysed together, the time series 
analysis gave a period of 4 d .4236 ± 0.001 given in Equation 
(3) for rotational modulation of V1005 Ori. 

JD (Hel.) = 24 53353.40036 + 4 d .4236 x E. (3) 



Using the ephemeris given in Equation (3), the phases were 
computed for all data sets of VI 005 Ori. Standard V band light 
and U-B, B-V and V-R colour curves are shown for four data 
sets in Figure 5. For V band of VI 005 Ori, the variations of 
minimum, maximum and mean average of brightness, ampli- 
tude and periods for each season are given in Figure 6. When 
the light curves of VI 005 Ori are examined, the phase of min- 
imum was about P .34 for the season of 2004/2005 and it was 
p .66forthe season of 2006/2007. Although the amplitude of 
the curve for the season of 2005/2006 was the smallest among 
the previous and the latter, the analyses indicate that the phase 
of minimum might be P .78. It is seen that there is no varia- 
tion in the B-V colour index for the first season, while there 
is reddening in the V-R colour index towards the minimum 
phase of the light curves. On the other hand, for the season of 
2005/2006, although the light curves in Johnson UBVR bands 
have the smallest amplitudes, an extreme excess is seen in the 
B-V colour. Moreover, the B-V colour is getting bluer towards 
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Fig. 1. The light and colour curves obtained from the observations of V1054 Oph in this study are seen for the seasons 2004 (a), 2005 (b) and 2006 (c). 
Dashed lines represent the mean brightness and colour level obtained from the time series analyses. 



the minimum phase of the light curves. The V-R colour is red- 
dening towards the minimum phase of the light curve in this 
season. In the last season, both B-V and V-R colours are red- 
dening towards the minimum phase of the light curves. 

In case of EQ Peg, the time series analyses demonstrated 
that EQ Peg has a variability. The analyses gave almost the 
same period as l d .0608 ± 0.0001 for data set combined from 
two observing seasons. Using the ephemeris given in Equation 
(4), the phases were computed for all data sets of EQ Peg. 

JD{Hel.) = 24 53236.39669 + l d .0608 x E. (4) 

Standard V band light and U-B, B-V and V-R colour curves are 
shown for four data sets in Figure 7. In the figure, the data sets 
of season 2004 and season 2005 were not separated into two 
panel. This is because the light curves of both seasons have the 
same shape. The time series analyses showed that the phases 
of the rotational modulation is P .32 for the light curves of EQ 
Peg. Instead of light curves, the data set combined from EQ 
Peg observations do not exhibits any variations. 

2.3. The Distributions of Flare Occurrence Rates Versus 
Photometric Period 

These stars, for which BY Dra Syndrome is discussed, show 
also high level flare activity. To investigate whether there is 
any relation between stellar spots and flare activities, the rates 
of flare occurrence versus rotational phase and the phases of 



the minima of the V band light curves were compared for each 
star. V band light curves for each star were obtained in this 
study. The flare data of the stars have been given by Dal & 
Evren (2010) and Dal & Evren (2011). 

To carry out this investigation, first of all, the phases of flare 
maxima were computed for all flare types (together with fast 
and slow flares) with the same method used for the phases of 
light curves. The flare maximum times were used to compute 
the phases due to main energy emitting in this part of the flare 
light curves. In addition, the periods of stars are too long ac- 
cording to the average of flare total durations. In the second 
step, computing the ratio of flare number to monitoring time in 
intervals of 0. 10 phase length as the same method used by Leto 
et al. (1997), the mean flare occurence rate was derived for 
data set of each star with using Equation (5). 

N = Erif I ST t (5) 

where N is the mean flare occurence rate in intervals of 0.10 
phase length, rif is flare number in that intervals. T t is total 
monitoring time in that interval. All the parameters are listed 
in Table 4. In the table, stars' names are given in the first col- 
umn, observing seasons are listed in the second column. The 
average phases, total monitoring time in intervals of 0. 10 phase 
length, the number of flares detected in that interval and the 
mean flare occurence rates in that interval are listed in the next 
columns,respectively. 
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Fig. 2. The light and colour curves obtained from the observations of AD Leo in this study are seen for the seasons 2004/2005 (a), 2005/2006 (b) and 
2006/2007 (c). Dashed lines represent the mean brightness and colour level obtained from the time series analyses. 



The flare data obtained from EV Lac, EQ Peg, VI 005 Ori 
and AD Leo were used for this analysis since the photometric 
periods are known for these stars. Total monitoring time of AD 
Leo is 79.1 1 h, while it is 109.63 h for EV Lac. Total monitor- 
ing time of EQ Peg is 100.26ft.. In the case of V1005 Ori, it is 
44.75 h. VI 005 Ori and EQ Peg were observed in two seasons, 
while others were observed in three seasons. When the phase 
intervals of flare monitoring are examined, it is seen that flare 
monitoring was acquired almost every phase intervals. On the 
other hand, no flare was detected in some monitoring intervals. 
This is not unexpected case. This is because of the nature of 
UV Ceti type stars and flare processes. Because the flare activ- 
ity is not a periodic or cyclic variation and it is hard to predict 
when a flare occur. This is why we did not detect any flare in 
some observations. 

To carry out the investigation, the seasons, in which large 
number of flares is detected, were chosen for each star and 
these seasons were only used in analyses. Thus, the distribu- 
tions of detected flares can be covered almost each phase inter- 
val for each star. Nevertheless, it was seen that there was no 
flare some phases interval. Using the Least-Squares Method, 
all the histograms of N were analysed with the SPSS V17.0 
(Green et al. 1999) software to determine the phase in which 
Maximum Flare Occurence Rates (hereafter MFOR) are seen. 
As it is seen in the figures, the histograms are not sometimes 
shown from 0.0 to 1.0 in phase. This is because the histograms 



and models are shown in the best view. 

AD Leo was observed for three seasons. 1 19 U band flares 
were detected in 79.61 h monitoring time. The analyses do not 
reveal any variability out-of-flare. Because of this, we com- 
bine all 119 flares detected in three seasons and we derived one 
histogram for all of them. The histogram of the mean flare 
occurence rates versus rotational phase for AD Leo flares are 
shown in Figure 8. In the figures, the mean flare occurence 
rates versus rotational phase are demonstrated by histogram. 
As it is seen from the analyses of the histogram in Figure 8, the 
phase of MFOR is about P .45 for detected flares. 

EV Lac was also observed for three seasons. Although mon- 
itoring time is 109.63 h, but 93 U band flares were detected. On 
the other hand, the distributions of the flares are covered almost 
all phases for each observing season. Because of this, we de- 
rived histograms of the distributions of the flares versus phases 
for each season. The histograms are shown for EV Lac flares in 
Figure 9. EV Lac was observed in the seasons 2004, 2005 and 
2006. According to the light curves of the rotational modula- 
tion for EV Lac, the two data sets were obtained for the season 
2004. The flares were not separated into two sets for analyses. 
This is because the minimum phases of rotational modulations 
for Set 1 and 2 are the same. The histograms also exhibit the 
same distributions, when the flares observed in 2004 are sepa- 
rated into two sets. Thus, one histogram is shown in Figure 9 
for the season 2004. As it is seen from the analyses of the his- 
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Fig. 3. The light and colour curves obtained in this study are seen for four data sets composed from the observations of EV Lac. a) Observing season 
2004 - the first part, b) Observing season 2004 - the second part, c) Observing season 2005, d) Observing season 2006. Dashed lines represent the models 
derived from the Discrete Fourier Transform. 
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Fig. 4. The figure shows the results of the analyses for 4 data sets of EV Lac in V band. The variations of minimum, maximum and mean average levels 
of brightness are shown. In the figure, open circles show minimum and maximum levels, while filled circles show the mean average of the brightness for 
each data set. Dashed lines represent the fits of brightnesses to just show the variations. 
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light and colour curves obtained from the observations of VI 005 Ori in this study are seen for the seasons 2004/2005 (a), 2005/2006 (b) and 
c). Dashed lines represent the models derived from the Discrete Fourier Transform. 
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Fig. 6. The figure shows the results of the analyses for 3 data sets of V 1005 Ori in V band. The variations of minimum, maximum and mean average levels 
of brightness are shown. In the figure, open circles show minimum and maximum levels, while filled circles show the mean average of the brightness for 
each data set. Dashed lines represent the fits of brightnesses to just show the variations. 
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Fig. 7. The light and colour curves obtained from the observations of EQ Peg in this study are seen together for the seasons 2004 and 2005. Dashed lines 
represent the models derived from the Discrete Fourier Tran sform. 




Fig. 8. The mean flare occurence rates versus rotational phase are demonstrated for all AD Leo flares observed in three seasons. In the figures, the lines 
show the histograms of mean flare occurence rates computed in intervals of 0. 10 phase length. 
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Fig. 9. The mean flare occurence rates versus rotational phase are demonstrated forEV Lac flares observed in three seasons. In the figures, the lines show 
the histograms of mean flare occurence rates computed in intervals of 0.10 phase length. The histograms are for the season 2004 (a) 2005 (b) and the 
season 2006 (c). 
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Fig. 10. The mean flare occurence rates versus rotational phase are demonstrated for V1005 Ori flares observed in the season 2005/2006. In the figures, 
the lines show the histograms of mean flare occurence rates computed in intervals of 0.10 phase length. 
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togram in Figure 9, the phases of MFOR are P .75 for 2004, 
P 45 for 2005 and P .35 for 2006. 

Flare patrol of VI 005 Ori was continued in the seasons of 
2004/2005 and 2005/2006. 44 U band flares were detected in 
total 44.75 h monitoring time. When we checked the phase dis- 
tributions of detected flares for each season, it is seen that the 
phase distribution of flares detected in the season 2004/2005 is 
not covered all phases very well. Because of this, we only used 
the data of the season 2005/2006 in the analyses. The same 
histogram is shown in Figure 10 for the season 2005/2006 of 
V1005 Ori. As it is seen from the analyses of the histogram 
in Figure 10, the flare occurence rate of detected flares reaches 
maximum value in about P .88. 

In the case of EQ Peg, observations were acquired for two 
seasons. Because of the similarity of the light curves in seasons 
2004 and 2005, all flares of EQ Peg were analysed together and 
derived histogram is shown in Figure 1 1 . The analyses showed 
that the phase of MFOR is about P .95 

2.4. Distribution of The Fast and Slow Flares According to 
Each Other 

In order to test the hypothesis discussed by Gurzadian 
(1986), according to the rule described by Dal & Evren (2010), 
the observed flares were separated into two classes as slow and 
fast flares. For each program star, the data sets of both slow and 
fast flares were composed for each observation season. Then, 
the same analyses mentioned above were derived with these 
sets to compare distribution of both flare types according to 
each other. 

All the parameters are listed in Table 5 for the fast flares 
and in Table 6 for the slow flares. All the columns of these 
tables are the same with Table 4. It is important to note that 
given values of "total monitoring time in intervals of 0. 10 phase 
length" in these tables could be slightly different from each 
other and from the values given in Table 4. This is because this 
parameter was separately computed for each flare types and for 
all flares (together with fast and slow flares) for each program 
star. 

All the flares of AD Leo detected in three seasons were again 
combined for this analysis. The same histograms were derived 
for both the fast and slow flares of AD Leo. They are shown 
in Figure 12. As it is seen from the analyses of the histogram 
in the figure, the phase of MFOR is P .58, while it is P .41 
for the slow flares. There is a difference of P .17 between two 
types. According to Gurzadian (1986), it is expected that there 
should be a difference of P .50 between them. 

In the case of EV Lac, it was seen that the phase distribution 
of the fast flares is not enough to compare it with slow flares 
for the season 2005. This is must be because the frequency 
of the fast flares is not as high as that of the slow flares, as 
mentioned by Dal & Evren (2010). We only compared them 
for the season 2004 and 2006. All histograms of EV Lac are 
shown in Figure 13. The phase of MFOR for the fast flares is 
P .45, while it is P .49 for the slow flares in the season 2004. 
The difference between the phases of MFOR is P .04 for two 
types in this season. The phase of MFOR is P .87 for the fast 
flares, while it is P .36 for the slow flares in the season 2006. 
The difference between the phases of MFOR is P .51 for both 
types in the season 2006, as expected. 



In the case of VI 005 Ori, comparison could be done for the 
season 2005/2006. The histograms of V1005 Ori are shown 
in Figure 14. As it is seen from the analyses of the histogram 
in the figure, the phase of MFOR for the fast flares is P .64, 
while it is P .95 for the slow flares. There is a difference of 
P .31 between two types. 

The same comparison was done for the seasons 2004 and 
2005 for EQ Peq. The histograms of EQ Peg are shown in 
Figure 15. As it is seen from the analyses of the histogram 
in the figure, the phase of MFOR for the fast flares is about 
P .15, while it is P .55 for the slow flares. There is a differ- 
ence of P .40 between two types. This value is an acceptable 
value and close to the expected value according to the hypoth- 
esis discussed by Gurzadian (1986). 

3. Results and Discussion 

3. 1. Stellar Rotational Modulation and Stellar Spot Activity 

Most of the UV Ceti type stars are full convective red dwarfs 
with sudden-high energy emitting. As it can be seen in the 
literature, BY Dra Syndrome at out-of-flares is seen in a few 
stars among 463 flare stars catalogued by Gershberg et al. 
(1999). EV Lac and VI 005 Ori can be given as two examples 
because the studies in the literature and this study indicate that 
both stars show the variation due to rotational modulation at 
out-of-flares. 

In the case of EV Lac, the time series analyses show that 
the period of rotational modulation found for each data set is 
range from 4 rf .330 to 4 rf .378. The periods found are similar to 
those found by Pettersen et al. (1983) and Mahmoud & Olah 
(1981). Although the periods found for each season are a lit- 
tle bit different, this difference is relatively small. When the 
amplitudes of the light curves are examined for EV Lac, the 
amplitude of this variation was dramatically decreasing from 
the year 2004 to 2005, while the amplitude was clearly larger 
than ever in this study. However, the mean average of bright- 
ness in the light curves was slowly decreasing from the year 
2004 to 2006. The minima phases of the light curves for the 
three seasons were computed and, it was found as P .62 for 
the season 2004, P .54 for 2005 and P .60 for 2006. 

In the case of VI 005 Ori, the periods of the rotational mod- 
ulation for each season are range from 4 rf .419 to 4 d .429. In 
the literature, Bopp et al. (1978) found four possible periods 
varied from l d .883 to 2 d .199. On the other hand, Byrne et 
al. (1984) found a period of 4 d .565. As it is seen, the periods 
found in this study are close to the period found by Byrne et al. 
(1984). When the amplitudes of the light curves were exam- 
ined, the amplitude observed in the season of 2004/2005 was 
so smaller than the ones observed in the previous and later sea- 
sons that there was no minimum in the light curve. Although 
the mean average of brightness in the light curves was not 
changing, the minimum phases of the light curves were vary- 
ing. The minimum phase of the curve for the season 2004/2005 
was about P .34 and about P .66 for the season 2006/2007. It 
is hard to say that the minimum phase of the light curves for 
the season 2005/2006 was about P .78. 

The case of AD Leo is different from the other two stars. The 
time series analyses do not show any regular variation over the 
3cr level in one season. On the other hand, the mean bright- 
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Fig. 11. The mean flare occurence rates versus rotational phase are demonstrated for EQ Peg flares observed in the seasons 2004 and 2005. In the figure, 
the lines show the histograms of mean flare occurence rates computed in intervals of 0.10 phase length. 
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Fig. 12. The histograms of the mean flare occurrence rates versus rotational phase are for both slow and fast flares of AD Leo. a) Fast flares observed in 
three seasons, b) Slow flares observed in three seasons. 
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Fig. 13. The histograms of the mean flare occurrence rates versus rotational phase are for both slow and fast flares of EV Lac. a) Fast flares of the season 
2004. b) Slow flares of the season 2004. c) Fast flares of the season 2006. d) Slow flares of the season 2006. 
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Fig. 14. The histograms of the mean flare occurrence rates versus rotational phase are for both slow and fast flares of VI 005 Ori. a) Fast flares of the 
season 2005/2006. b) Slow flares of the season 2005/2006. 
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Fig. 15. The histograms of the mean flare occurrence rates versus rotational phase are for both slow and fast flares of EQ Peg. a) Fast flares of the seasons 
2004 and 2005. b) Slow flares of the seasons 2004 and 2005. 



ness levels were increased a value of m .01 from the first sea- 
son to the second and a value of m .02 from the second to the 
last season. This can be because of the stellar polar spots. If 
the literature is considered, the stellar spots can be carried to 
polar regions in the case of rapid rotation in the young stars 
(Schussler & Solanki 1992; Schussler et al. 1996). According 
to Montes et al. (2001), AD Leo is at the age of 200 Myr. The 
range of equatorial rotational velocity (vsini) given in the liter- 
ature is between 5-5.8 and 9.0 fcms -1 for AD Leo (Marcy & 
Chen 1992; Pettersen 1991). Besides, considering these val- 
ues of vsini, the real rotational velocities must be larger than 
these values. If both the age and equatorial rotational veloc- 
ity value parameters in these papers are considered, according 
to Schussler & Solanki (1992) and Schussler et al. (1996), 
some spots might be located on the polars for AD Leo. In fact, 
Pettersen et al. (1992) indicate that BY Dra had spotted area 
near polar region, which was stable for 14 years and EV Lac 
has a similar area for 10 years. If the studies made by Spiesman 
& Hawley (1986) and Panov (1993) are considered, AD Leo 
might sometimes show rotational modulation due to the spotted 
area occurring near the equatorial regions. On the other hand, 
there is another probability. If the colour index of V-R is con- 
sidered, it is seen that the star gets bluer from a season to next 
one, when the star get brighter. Besides, no amplitude is seen 
in the light curves. These can be some indicators that all the 
surface of the star is covered by cool spots and the efficiency 
of the spots gets weaker from one season to next one. 

The colour curves of both EV Lac and VI 005 Ori sometimes 
exhibit a clear colour excess around the minimum phases of 
the light curves for some observing seasons. This can be an 



indicator of some bright areas such as faculae on the surface 
of these young stars. The effects of the bright areas such as 
faculae can be seen in the variations of B-V and sometimes V- 
R colour, while these effects are not seen in the variations in the 
light curves of BVR bands due to cool spots. The cool spots 
are more efficient in the light curves of B, especially V and R 
bands. The same effect is seen in the variations caused by the 
flare activity. Although there is some small effects or no effect 
of the flare activity in V and R bands, but there is some clear 
variations in U band light and U-B colour curves. In this study, 
we observed the stars in U band to investigate the variations 
out-of-flares. In a sense, U band observations is used to control 
whether there is any flare activity in the observing durations. 
If there is some variations in U band light and U-B colour, we 
did not used the observation to investigate the variation out-of- 
flares. 

Norton et al. (2007) showed that EQ Peg has a variabil- 
ity with the period of l d .0664. In this study, the time series 
analyses supported this period. According to our analyses, EQ 
Peg exhibits short-term variability with the period of l d .0608. 
However, it is seen that there is not any variability in the colour 
indexes. Analysing the light curve of EQ Peg, it was found as 
p .32forthe minimum phase of the rotational modulation. 

3.2. The Relation Between Stellar Spot and Flare Activities 

There are many studies about whether the flares of UV Ceti 
type stars showing BY Dra Syndrome are occurring at the same 
longitudes of stellar spots, or not. Having the same longitudes 
of flare and spots is an expected case for these stars, because so- 
lar flares are mostly occurring in the active regions, where spots 
are located on the Sun (Benz & Giidel 2010). In the respect of 
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Stellar-Solar Connection, a result of the Ca II HlkK Project 
of Mount Wilson Observatory (Wilson 1978; Baliunas et al. 
1995), if the areas of flares and spots are related on the Sun, 
the same case might be expected for the stars. In fact, Montes 
et al. (1996) have found some evidence to demonstrate this 
relations. Besides, Leto et al. (1997) have found a variations 
of both the rotational modulation and the phase distribution of 
flare occurence rates in the same way for the observations in the 
year 1970. On the other hand, no clear relation between stellar 
flares and spots has been found by Bopp (1974); Pettersen et 
al. (1983). However, Pettersen et al. (1983) did not draw firm 
conclusions because of being a non-uniqueness problem. 

In this study, the flare occurence rates, the ratio of flare num- 
ber to monitoring time, were computed in intervals of 0.10 
phase length as the same method used by Leto et al. (1997) 
with just one difference. The flare maximum times were used 
to compute the phases due to main energy emitting in this part 
of the flare light curves. We observed AD Leo for 79.61 h 
and detected 1 19 flares in three seasons. EV Lac was observed 
109.63 h and 93 flares were detected in three seasons. V1005 
Ori was observed for 44.75 h and 44 flares were detected in 
two seasons. EQ Peg was observed for 100.26 h and 73 U 
band flare were detected. Since no rotational modulation was 
found to compare for AD Leo, all the flares detected in three 
season were combined in order to just find whether there is any 
phase, in which the flare occurence rate gets a peak. On the 
other hand, we examined flare phase distributions for each sea- 
son for both EV Lac and V1005 Ori. In the case of these stars, 
if the distribution of flares did not cover almost all phases in an 
observing season of a star, the season is neglected for the com- 
parison of flare and spot activity. Consequently, for both EV 
Lac and VI 005 Ori, we chose the seasons, in which the best 
flare distributions were obtained. Thus, we only used the sea- 
sons, in which there is enough data to get reliable conclusions 
about flare occurrence distributions. In addition, to determine 
the phases of MFOR, all the distributions were modelled with 
the polynomial function. Resolving these models, maximum 
flare occurrence rates and their phase were found for all pro- 
gram stars. 

In the case of EV Lac, no relation is seen between the min- 
imum phase of the rotational modulation and the phase, in 
which flare activity reaches the MFOR. The minimum phase of 
the rotational modulation observed in the season 2004 is P .62, 
while the phase of MFOR is P .75. The minimum phase of 
rotational modulation is P .54, while the flare occurrence rate 
reaches maximum level in about the phase of P .45 for the sea- 
son 2005. In the last season of EV Lac, rotational modulation 
minimum is seen in P .60, as MFOR is in P .35. In the case 
of VI 005 Ori, there is enough data in only one season to com- 
pare. As it is seen, the minimum phase of rotational modulation 
is P .78, while phase of MFOR is about P .87 for the season 
2005/2006. In this study, the time series analyses indicated that 
AD Leo does not have any rotational modulation. Therefore, 
any minimum time could not have been determined from the 
observations of three seasons for AD Leo. Because of this, we 
could not compare the rotational modulation with flare activity 
in the case of AD Leo. On the other hand, using combined data 
of three seasons, we found that the MFOR is seen in P .45. 
This phases was computed with using the ephemeris given in 



Equation (1) taken from Panov (1993). The time series analy- 
ses do not show any short-term variation in the light curves of 
AD Leo. Because of this, we waited that there is no any phase, 
in which the flare activity gets higher levels. On the other hand, 
as it is seen from the histogram and its Normal Gaussian model 
for AD Leo, there is a phase for MFOR. Considering the phase 
of MFOR, the active region(s) in some particular part of the 
surface can be more active than the others on the surface of 
the star. Considering the light and colour curves of AD Leo, 
almost all surface of the star may be covered by stellar spots, 
while it is seen that some region(s) in the surface of the star can 
be more active than the remainder of the surface. In the case 
of EQ Peg, the minimum phase of the rotational modulation is 
P . 32, while the phase of MFOR is P 95. 

The results acquired from EV Lac and VI 005 Ori demon- 
strated that flare activity can reach high levels at almost the 
same longitudes, in which stellar spots occur. On the other 
hand, there is a considerable difference between the phases of 
stellar spot and MFOR for the observing season 2007 of EV 
Lac. In conclusion, it is seen that there is a longitudinal re- 
lation between stellar spot and flare activities in general man- 
ner. Nevertheless, there are some differences and this makes 
difficult to do a definite conclusion. Moreover, in the case of 
EQ Peg, the MFOR gets the minimum towards the minimum 
phase of the rotational modulation. All these cases can be be- 
cause of a dynamo which is working in the red dwarf stars. In 
spite of the Sun, red dwarf stars are mostly known to have a 
different dynamo because of full convective outer atmosphere. 
However, in the last years, some studies showed that flares on 
the Sun do not have to be located upon the spotted areas on the 
Sun (Borovik et al. 2007). In addition, it should be kept in 
mind that most of the studies have been done with using the 
data obtained from white-light flare observations, but a white- 
light flare does not have to occur in a flare process. Recent stud- 
ies have shown that non white-light flares may be so common 
in UV Ceti-type stars as they are in the Sun (Crespo-Chacdn 
et al. 2004; Crespo-Chacdn et al. 2006). In this point, it 
can be mentioned that the analyses of data obtained from only 
white-light flare observations are not sufficiently qualified. For 
instance, Garcfa-Alvarez et al. (2003) found some flares oc- 
curring in the same active area with other activity patterns with 
using simultaneous observations. 

3.3. Phase Distribution of The Fast And Slow Flares 

Using the inverse Compton event, Gurzadian (1986) devel- 
oped a hypothesis called Fast Electron Hypothesis, in which 
red dwarfs generate only fast flares on their surface. On the 
other hand, according to the flare region on the surface of the 
star in respect to direction of observer, the shapes of the flare 
light variations can be seen like a slow flare (Gurzadian 1986). 
If the scenario in this hypothesis is working, it is expected that 
the fast and slow flares should collected into two phases in the 
light curves of UV Ceti type stars showing BY Dra Syndrome. 
It is also expected that these two phases are separated from 
each other with intervals of P .50 in phase. 

In this study, according to the rule described by Dal & Evren 
2010, the flares are classified as fast and slow flares. Then the 
phase distributions of fast flares were compared with the phases 
of slow flares in order to find out whether there is any separa- 
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tion as expected in this respect. When the phases of both fast 
and slow flares are examined one by one, it is clear that both 
of them can occur in any phase. To reach a definite result, the 
phase distributions of both fast and slow flares are statistically 
investigated. 

As it is stated in the previous section, if the distribution of 
flares did not cover almost all phases in an observing season 
of a star, the season is neglected for that star. Consequently, 
we chose the seasons, in which there is enough data to get re- 
liable conclusions about flare occurrence distributions for both 
fast and slow flares. In the case of AD Leo and EQ Peg, we 
combined all the fast flares of three seasons as we made for the 
slow flares. For both fast and slow flares, using Equation (5), 
the number of flares occurring per an hour in intervals of 0. 10 
phase length was computed. The obtained occurrence rates for 
both fast and slow flares are shown by histograms in Figures 
12, 13, 14 and 15. Once again, all the distributions were mod- 
elled with the polynomial function. Resolving these models, 
maximum flare occurrence rates and their phase of both slow 
and fast flares were found for all program stars. 

In the case of AD Leo, the analyses show that both fast and 
slow flares have a difference of P .17 between the phases, in 
which flare occurrence rates in intervals of 0.10 phase length 
reach maximum amplitudes. The same difference is P .05 
for EV Lac in the season of 2004. Although these differ- 
ences are acceptable as low values according to Fast Electron 
Hypothesis, the difference seen in the season of 2006 is P .50 
for EV Lac. This value is the expected value in respect of Fast 
Electron Hypothesis. In the case of V1005 Ori, slow and fast 
flares could be compared only for the season of 2005/2006. 
The result is that both fast and slow flares have a difference of 
P .30 between the phases of maximum flare occurrence rates. 
In the case of EQ Peg, the phase difference between MFORs 
of slow and fast flares is about P .40. The value obtained from 
EQ Peg is also the expected value in respect of Fast Electron 
Hypothesis. It should be noted that in the case of EQ Peg, it is 
seen just one clear peak for the distribution of MFOR for the 
fast flares, while there are several peaks for the slow flares. 

As it is seen from the analyses, both the fast and the slow 
flares sometimes the same longitudinal distributions and some- 
times different. This makes difficult to say that there is a regu- 
lar longitudinal division between these two types of flares as 
expected according to Gurzadian (1986). This means that, 
when a slow flare is observed, it does not have to be a fast flare 
occurred on the opposite side of the star in respect to observer 
direction. 
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V 


U-B 


B-V 


V-R 




Season 


(+24 00000) 


(mag) 


(mag) 


(mag) 


(mag) 



AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 
AD Leo 



2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 



53377.4886(0.0055) 
53381.4822(0.0047) 
53412.4029(0.0008) 
53413.4187(0.0045) 
53444.3612(0.0044) 
53446.2663(0.0048) 
53465.3122(0.0073) 
53469.2653(0.0046) 
53470.2777(0.0040) 
53471.2669(0.0045) 
53499.2888(0.0039) 
53500.2896(0.0047) 
53502.2878(0.0055) 
53505.2925(0.0046) 
53514.2952(0.0037) 
53717.5037(0.0058) 
53744.4914(0.0044) 
53757.4158(0.0036) 
53763.5181(0.0035) 
53764.5537(0.0040) 
53765.5831(0.0038) 
53769.4748(0.0038) 
53771.4091(0.0039) 
53782.4414(0.0036) 
53787.4247(0.0035) 
53788.3733(0.0035) 
53812.2796(0.0027) 
53816.2875(0.0038) 
53821.2994(0.0035) 
53827.2550(0.0035) 
53831.2530(0.0034) 
54071.5791(0.0034) 
54085.6298(0.0040) 
54093.4845(0.0037) 
54097.5495(0.0047) 
54114.5302(0.0035) 
54115.5539(0.0057) 
54122.5021(0.0044) 
54138.4519(0.0000) 
54227.2863(0.0039) 
54232.3069(0.0034) 
54236.3290(0.0035) 
54237.3158(0.0048) 
54248.3084(0.0050) 



9.402(0.001) 
9.411(0.008) 
9.380(0.003) 
9.412(0.002) 
9.424(0.002) 
9.399(0.001) 
9.404(0.009) 
9.379(0.003) 
9.408(0.003) 
9.404(0.005) 
9.405(0.003) 
9.380(0.008) 
9.396(0.004) 
9.395(0.003) 
9.394(0.011) 
9.404(0.001) 
9.399(0.003) 
9.387(0.001) 
9.385(0.002) 
9.400(0.002) 
9.389(0.002) 
9.396(0.002) 
9.380(0.003) 
9.395(0.002) 
9.394(0.003) 
9.391(0.002) 
9.385(0.003) 
9.386(0.002) 
9.381(0.008) 
9.385(0.003) 
9.383(0.001) 
9.379(0.005) 
9.378(0.007) 
9.376(0.005) 
9.376(0.009) 
9.375(0.009) 
9.369(0.005) 
9.372(0.008) 
9.381(0.006) 
9.374(0.005) 
9.372(0.003) 
9.368(0.006) 
9.363(0.009) 
9.356(0.004) 



0.957(0.009) 
0.936(0.015) 
1.004(0.019) 
0.869(0.015) 
0.997(0.006) 
0.983(0.011) 
0.960(0.039) 
0.954(0.018) 
0.938(0.024) 
0.947(0.007) 
0.918(0.004) 
0.968(0.044) 
0.957(0.008) 
0.928(0.016) 
0.961(0.035) 
0.998(0.010) 
0.988(0.011) 
0.964(0.006) 
0.969(0.006) 
0.936(0.009) 
0.920(0.009) 
0.926(0.007) 
0.952(0.010) 
0.971(0.009) 
1.008(0.008) 
0.968(0.006) 
0.959(0.011) 
0.870(0.009) 
0.985(0.012) 
0.934(0.024) 
1.014(0.007) 
0.995(0.054) 
0.987(0.029) 
0.938(0.012) 
0.932(0.050) 
0.976(0.045) 
0.982(0.044) 
0.970(0.030) 
0.941(0.066) 
0.968(0.046) 
0.936(0.032) 
0.977(0.037) 
0.862(0.056) 
0.904(0.046) 



1.502(0.005) 
1.486(0.007) 
1.492(0.001) 
1.484(0.003) 
1.500(0.005) 
1.497(0.003) 
1.497(0.011) 
1.519(0.002) 
1.510(0.005) 
1.496(0.007) 
1.494(0.003) 
1.500(0.007) 
1.501(0.005) 
1.502(0.004) 
1.500(0.005) 
1.506(0.001) 
1.498(0.004) 
1.501(0.001) 
1.500(0.003) 
1.494(0.003) 
1.504(0.002) 
1.499(0.001) 
1.506(0.003) 
1.529(0.002) 
1.497(0.003) 
1.486(0.003) 
1.500(0.003) 
1.502(0.004) 
1.494(0.007) 
1.505(0.005) 
1.520(0.004) 
1.495(0.006) 
1.488(0.006) 
1.501(0.012) 
1.491(0.007) 
1.500(0.012) 
1.498(0.008) 
1.500(0.008) 
1.496(0.005) 
1.497(0.010) 
1.492(0.010) 
1.482(0.007) 
1.486(0.011) 
1.484(0.007) 



EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 



2004-Set 1 
2004-Set 1 
2004-Set 1 
2004-Set 1 
2004-Set 1 
2004-Set 1 
2004-Set 1 
2004-Set 1 
2004-Set 1 
2004-Set 1 
2004-Set 1 
2004-Set 2 



53202 
53204 
53207 
53211 
53212 
53226 
53227 
53228 
53232 
53236 
53240 
53260 



4799(0 
4809(0 
4523(0, 
3915(0 
3637(0 
3835(0. 
3451(0 
3398(0 
3968(0 
3282(0. 
3283(0. 
2571(0 



0000) 
0009) 
0058) 
0056) 
0014) 
0008) 
0011) 
0009) 
0058) 
0011) 
0011) 
0016) 



10.271(0.007) 
10.336(0.006) 
10.251(0.008) 
10.276(0.007) 
10.265(0.010) 
10.320(0.010) 
10.304(0.007) 
10.278(0.013) 
10.293(0.014) 
10.292(0.003) 
10.325(0.011) 
10.298(0.007) 



1.253(0.045) 
1.231(0.019) 
1.183(0.032) 
1.228(0.067) 
1.168(0.056) 
1.182(0.046) 
1.236(0.052) 
1.300(0.062) 
1.236(0.017) 
1.210(0.018) 
1.324(0.013) 
1.301(0.046) 



1.577(0.010) 
1.564(0.008) 
1.573(0.011) 
1.553(0.017) 
1.590(0.017) 
1.561(0.012) 
1.582(0.012) 
1.576(0.019) 
1.558(0.010) 
1.574(0.005) 
1.564(0.017) 
1.574(0.006) 
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Table 3. (Continued.) 



EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 
EV Lac 



2004- 
2004- 
2004- 
2004- 
2004- 
2004- 
2004- 
2004- 
2004- 
2004- 
2004- 
2004- 
2004- 
2004- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2005- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 
2006- 



Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 2 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 3 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 
Set 4 



53263. 
53264, 
53265. 
53280. 
53282. 
53287. 
53288. 
53289, 
53302, 
53303, 
53304, 
53309 
53310 
53312 
53554, 
53557, 
53564, 
53566 
53578, 
53581 
53584, 
53585, 
53586, 
53597, 
53602, 
53605 
53606 
53621 
53626 
53641 
53647, 
53652, 
53863, 
53877, 
53883, 
53886, 
53894, 
53907 
53908 
53915 
53938, 
53940 
53946 
53950 
53951 
53955, 
53956 
53961 
53963 
53972, 
53973 
53984, 
53988 
53992 
54009 
54037, 
54047, 



2966(0.0012) 
2561(0.0012) 
2587(0.0011) 
2741(0.0049) 
4419(0.0058) 
3673(0.0047) 
2904(0.0043) 
2385(0.0047) 
2839(0.0074) 
2428(0.0047) 
3083(0.0076) 
2371(0.0046) 
2340(0.0043) 
2830(0.0047) 
4680(0.0045) 
4785(0.0053) 
4841(0.0040) 
3986(0.0051) 
3593(0.0042) 
5294(0.0038) 
4970(0.0040) 
5324(0.0036) 
3264(0.0008) 
4090(0.0017) 
4255(0.0044) 
3681(0.0038) 
2978(0.0035) 
3298(0.0051) 
2689(0.0037) 
2634(0.0040) 
2519(0.0038) 
2573(0.0037) 
5667(0.0029) 
5499(0.0027) 
5378(0.0038) 
4627(0.0034) 
5260(0.0028) 
5303(0.0036) 
5431(0.0031) 
5406(0.0030) 
5340(0.0038) 
4593(0.0038) 
4700(0.0008) 
4652(0.0008) 
4800(0.0026) 
3607(0.0039) 
3324(0.0034) 
4980(0.0027) 
3328(0.0032) 
3414(0.0035) 
4465(0.0034) 
2589(0.0008) 
2519(0.0027) 
4226(0.0027) 
2659(0.0027) 
2116(0.0037) 
2046(0.0027) 



10.300(0.010) 
10.281(0.017) 
10.315(0.013) 
10.306(0.015) 
10.306(0.011) 
10.311(0.009) 
10.328(0.009) 
10.291(0.008) 
10.304(0.012) 
10.284(0.009) 
10.288(0.011) 
10.328(0.008) 
10.327(0.007) 
10.288(0.009) 
10.302(0.011) 
10.330(0.008) 
10.290(0.006) 
10.330(0.008) 
10.312(0.009) 
10.310(0.008) 
10.315(0.006) 
10.297(0.010) 
10.300(0.004) 
10.304(0.008) 
10.314(0.006) 
10.337(0.011) 
10.313(0.007) 
10.296(0.007) 
10.328(0.001) 
10.297(0.005) 
10.303(0.007) 
10.313(0.009) 
10.274(0.004) 
10.285(0.014) 
10.372(0.006) 
10.295(0.006) 
10.267(0.004) 
10.264(0.005) 
10.299(0.002) 
10.306(0.004) 
10.277(0.006) 
10.382(0.003) 
10.260(0.002) 
10.303(0.005) 
10.263(0.003) 
10.253(0.007) 
10.274(0.011) 
10.321(0.004) 
10.322(0.003) 
10.292(0.006) 
10.268(0.003) 
10.390(0.007) 
10.360(0.003) 
10.358(0.003) 
10.314(0.003) 
10.388(0.005) 
10.271(0.008) 



1.299(0.064) 
1.404(0.062) 
1.137(0.086) 
1.259(0.046) 
1.240(0.062) 
1.184(0.053) 
1.355(0.027) 
1.176(0.052) 
1.195(0.067) 
1.226(0.076) 
0.914(0.086) 
1.341(0.089) 
1.305(0.042) 
1.103(0.076) 
1.133(0.088) 
1.198(0.048) 
1.229(0.064) 
1.227(0.055) 
1.185(0.045) 
1.085(0.014) 
1.207(0.015) 
1.293(0.074) 
1.062(0.016) 
1.259(0.050) 
0.532(0.042) 
1.217(0.018) 
1.183(0.029) 
0.859(0.030) 
1.161(0.046) 
0.900(0.013) 
1.138(0.026) 
1.092(0.042) 
1.244(0.014) 
1.092(0.078) 
1.069(0.062) 
1.130(0.040) 
1.215(0.060) 
1.163(0.034) 
1.176(0.015) 
1.125(0.033) 
1.204(0.048) 
1.121(0.073) 
1.030(0.063) 
1.231(0.043) 
1.172(0.053) 
1.258(0.087) 
0.901(0.033) 
1.117(0.011) 
0.931(0.036) 
1.199(0.012) 
1.287(0.022) 
1.146(0.083) 
1.009(0.044) 
1.074(0.036) 
1.158(0.055) 
1.145(0.056) 
1.112(0.026) 



1.558(0.010) 
1.571(0.019) 
1.533(0.031) 
1.564(0.006) 
1.571(0.016) 
1.549(0.011) 
1.582(0.013) 
1.559(0.014) 
1.550(0.012) 
1.549(0.008) 
1.557(0.019) 
1.563(0.008) 
1.561(0.017) 
1.551(0.016) 
1.542(0.012) 
1.549(0.009) 
1.558(0.007) 
1.561(0.008) 
1.567(0.007) 
1.525(0.007) 
1.556(0.009) 
1.545(0.011) 
1.549(0.003) 
1.564(0.011) 
1.540(0.011) 
1.543(0.019) 
1.553(0.007) 
1.555(0.006) 
1.549(0.003) 
1.579(0.006) 
1.540(0.010) 
1.549(0.009) 
1.567(0.010) 
1.571(0.012) 
1.582(0.007) 
1.542(0.008) 
1.559(0.005) 
1.571(0.009) 
1.566(0.004) 
1.538(0.006) 
1.559(0.006) 
1.580(0.008) 
1.550(0.002) 
1.545(0.008) 
1.555(0.007) 
1.579(0.007) 
1.581(0.012) 
1.571(0.007) 
1.546(0.008) 
1.567(0.006) 
1.557(0.005) 
1.562(0.008) 
1.573(0.007) 
1.550(0.003) 
1.571(0.013) 
1.565(0.012) 
1.541(0.014) 
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Table 3. (Continued.) 



EV Lac 
EV Lac 



2006-Set 4 
2006-Set 4 



54055. 
54058. 



2251(0.0027) 
2051(0.0000) 



10.326(0.008) 
10.364(0.002) 



1.159(0.043) 
1.146(0.088) 



1.553(0.018 
1.587(0.007 



1.152(0.012) 
1.145(0.007) 



VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 
VI 005 Ori 



2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2004/2005 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2005/2006 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 
2006/2007 



53353 
53355 
53374 
53376 
53377 
53381 
53383 
53412 
53413 
53414 
53453 
53640 
53647 
53664 
53669 
53672 
53673 
53686 
53702 
53717 
53724 
53725 
53729 
53737 
53744 
53757 
53763 
53764 
53765 
53771 
53788 
53796 
53812 
53984 
53987 
53988 
53994 
54033 
54047 
54049 
54064 
54066 
54071 
54085 
54095 
54109 
54122 
54158 



4006(0.0037) 
3312(0.0047) 
3572(0.0030) 
3710(0.0035) 
2512(0.0000) 
3452(0.0038) 
2424(0.0045) 
2611(0.0040) 
2330(0.0042) 
2662(0.0007) 
2770(0.0046) 
5712(0.0039) 
5820(0.0038) 
5827(0.0062) 
4940(0.0046) 
4511(0.0039) 
4626(0.0036) 
5181(0.0040) 
3409(0.0042) 
3477(0.0065) 
3014(0.0040) 
2527(0.0035) 
2900(0.0036) 
2813(0.0046) 
3067(0.0068) 
3701(0.0028) 
2739(0.0042) 
2990(0.0036) 
4071(0.0030) 
3851(0.0039) 
2932(0.0030) 
2760(0.0035) 
2458(0.0030) 
5749(0.0037) 
5873(0.0035) 
5834(0.0038) 
5802(0.0037) 
5946(0.0038) 
4878(0.0038) 
5410(0.0035) 
5743(0.0035) 
3884(0.0035) 
3212(0.0035) 
5616(0.0049) 
4691(0.0037) 
3354(0.0035) 
3280(0.0035) 
2553(0.0038) 



10.184(0.011) 
10.253(0.012) 
10.125(0.007) 
10.206(0.010) 
10.246(0.010) 
10.256(0.007) 
10.116(0.006) 
10.274(0.006) 
10.234(0.004) 
10.176(0.007) 
10.189(0.008) 
10.211(0.005) 
10.188(0.006) 
10.181(0.012) 
10.185(0.004) 
10.181(0.008) 
10.191(0.013) 
10.202(0.003) 
10.216(0.006) 
10.213(0.007) 
10.211(0.002) 
10.194(0.005) 
10.207(0.002) 
10.224(0.004) 
10.213(0.005) 
10.184(0.002) 
10.225(0.004) 
10.216(0.003) 
10.207(0.003) 
10.178(0.004) 
10.160(0.003) 
10.197(0.005) 
10.253(0.005) 
10.237(0.005) 
10.185(0.008) 
10.250(0.011) 
10.180(0.006) 
10.259(0.004) 
10.183(0.010) 
10.184(0.011) 
10.265(0.010) 
10.145(0.017) 
10.155(0.010) 
10.225(0.013) 
10.273(0.007) 
10.212(0.006) 
10.225(0.005) 
10.140(0.013) 



1.152(0.053) 
1.232(0.048) 
1.151(0.044) 
1.260(0.057) 
1.207(0.038) 
1.252(0.052) 
0.997(0.031) 
1.212(0.015) 
1.257(0.075) 
1.258(0.042) 
0.830(0.051) 
1.168(0.046) 
1.232(0.089) 
1.179(0.061) 
1.100(0.052) 
1.162(0.034) 
1.132(0.014) 
1.310(0.025) 
1.173(0.052) 
1.150(0.025) 
1.259(0.045) 
1.226(0.017) 
1.209(0.055) 
1.253(0.021) 
1.361(0.045) 
1.313(0.018) 
1.143(0.013) 
1.202(0.025) 
1.195(0.008) 
1.256(0.035) 
1.217(0.035) 
1.177(0.048) 
1.231(0.052) 
1.161(0.046) 
1.341(0.049) 
1.341(0.010) 
1.237(0.070) 
1.146(0.042) 
1.154(0.084) 
1.110(0.029) 
1.225(0.057) 
1.266(0.070) 
1.267(0.049) 
1.289(0.037) 
1.237(0.017) 
1.208(0.078) 
1.221(0.077) 
1.127(0.023) 



1.306(0.010 
1.313(0.014 
1.316(0.009 
1.314(0.016 
1.319(0.017 
1.313(0.016 
1.293(0.010 
1.319(0.005 
1.315(0.008 
1.317(0.014 
1.331(0.008 
1.325(0.008 
1.319(0.007 
1.306(0.033 
1.320(0.010 
1.303(0.008 
1.329(0.030 
1.339(0.007 
1.317(0.014 
1.338(0.016 
1.305(0.005 
1.298(0.003 
1.306(0.006 
1.301(0.002 
1.340(0.004 
1.308(0.003 
1.330(0.005 
1.317(0.004 
1.302(0.007 
1.312(0.008 
1.328(0.006 
1.309(0.011 
1.302(0.006 
1.312(0.008 
1.312(0.005 
1.331(0.011 
1.304(0.009 
1.313(0.009 
1.301(0.026 
1.304(0.012 
1.319(0.010 
1.304(0.009 
1.337(0.010 
1.331(0.016 
1.315(0.007 
1.297(0.007 
1.312(0.005 
1.315(0.018 



0.882(0.008) 
0.892(0.011) 
0.877(0.008) 
0.886(0.012) 
0.897(0.012) 
0.903(0.011) 
0.877(0.008) 
0.917(0.014) 
0.897(0.009) 
0.898(0.006) 
0.894(0.009) 
0.884(0.006) 
0.880(0.007) 
0.883(0.006) 
0.878(0.005) 
0.878(0.006) 
0.872(0.011) 
0.892(0.007) 
0.896(0.002) 
0.910(0.013) 
0.875(0.004) 
0.874(0.005) 
0.892(0.003) 
0.893(0.004) 
0.906(0.004) 
0.884(0.002) 
0.901(0.005) 
0.887(0.003) 
0.907(0.004) 
0.883(0.002) 
0.877(0.004) 
0.887(0.006) 
0.906(0.003) 
0.868(0.006) 
0.880(0.008) 
0.884(0.013) 
0.866(0.008) 
0.895(0.006) 
0.886(0.008) 
0.871(0.016) 
0.890(0.009) 
0.882(0.010) 
0.868(0.010) 
0.868(0.013) 
0.899(0.006) 
0.893(0.006) 
0.884(0.010) 
0.863(0.014) 



V1054Oph 
VI 054 Oph 
VI 054 Oph 
VI 054 Oph 
VI 054 Oph 
VI 054 Oph 
VI 054 Oph 



2004 
2004 
2004 
2004 
2004 
2004 
2004 



53136 
53138 
53146 
53151 
53152 
53153 
53157 



5478(0.0013) 
4673(0.0010) 
5107(0.0012) 
4962(0.0017) 
4609(0.0013) 
5004(0.0017) 
5139(0.0020) 



8.996(0.012) 
8.991(0.012) 
8.989(0.008) 
8.996(0.012) 
8.996(0.011) 
8.989(0.008) 
8.988(0.010) 



1.147(0.005) 
1.141(0.005) 
1.149(0.005) 
1.161(0.006) 
1.161(0.006) 
1.144(0.006) 
1.138(0.006) 



1.548(0.007 
1.542(0.006 
1.545(0.006 
1.543(0.006 
1.548(0.006 
1.545(0.007 
1.547(0.007 
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Table 3. (Continued.) 



\ 7 1 AC A 

V1054 


Oph 


2004 


CO 1 /Z1 

53163 


a o /a a a i c\ 

5248(0.0015) 


O AAC/A AAO\ 

8.995(0.008) 


1 


1 A O / A AA/CN 

142(0.006) 


1 CylC/A AA/CN 

1.545(0.006) 




VI 054 


Oph 


2004 


53167 


/lO^O/A A A 1 c\ 

4368(0.0015) 


O A A 1 /A AAO\ 

8.991(0.008) 


1 


1 A H / f\ AAC\ 

146(0.005) 


1 C/IO/A AAC\ 

1.542(0.005) 




V 1 OC/I 

V 11D4 


upn 


OMAC 


C"2CAC 






1 
1 


UOO^U.UUO ) 


1 ^^^tf\ c\f\^\ 
1 .jjj^U.UUj ) 


l.U0z(U.UU4J 


\ 7 1 AC A 

V 1054 


Upn 


O AAC 

2005 


C 1 C 1 

53526 


1 A OA/A AAAC\ 

34oU(0.UUUj) 


A AAA/A AAO \ 

y.uou(o.ouo) 


1 
1 


at a / a r\r\tz\ 
0/4(0.000) 


1 C/IO/A AAC \ 

1.j48(0.00j) 


1 A£ A /A AA/1 \ 

1.004(0.004) 


\ M AC A 

V 1054 


Upn 


O AAC 

2005 


CO COT 

5352/ 


/A AAA /I \ 

33oo(U.UUU4) 


O AAO/A AAA\ 

8.998(0.009) 


1 
1 


acc/a r\r\tz\ 
Ojj(O.OOO) 


1 C/1C/A AAC \ 

1.j43(0.00j) 


1 A£ /I /A AA/1 \ 

1.004(0.004) 


\/ 1 AC/1 

V 1Uj4 


upn 


OAAC 


j3jzs 


33 /3(U.UUU4) 


9.004(U.OO/) 


1 
1 


1 1 1(0.000) 


1.j4o(U.00j) 


I.OOI(O.OOj) 


\/ 1 AC/1 

V 1Uj4 


upn 


OAAC 


CI C/1 A 

03046 


3j3V(U.UUU4) 


9.000(0.00j ) 


1 
1 


IzO(O.OOO) 


1. j j 1(0.00:)) 


1 r\Ar\/r\ c\c\a \ 
1.000(0.004) 


\/ 1 AC/1 

V 1Uj4 


upn 


OAAC 

zUlD 


CI C/IT 

3334/ 


3 J /0(U.UUU4) 


9.000(0.008 ) 


1 
1 


AAO/A {\f\H\ 

09z(0.00/) 


I.jjj(O.OOO) 


1. 000(0. 00j) 


\ / 1 AC A 

V 1054 


Upn 


O AAC 

2005 


C3 C /I O 

5354s 


TCIA/A AAAA\ 

3jzU(U.UUUU) 


O AA/C/A AAA \ 

8.990(0.009) 


i 
1 


ATA/A AA^ 
0/0(0.000) 


1 C C /I / A AAC \ 

1.jj4(0.00j) 


1 ACO/A AAC \ 

1.0j8(0.00j) 


\/ 1 AC/1 

V 11D4 


upn 


OAAC 

zUlD 


3333 / 


3ZV4(U.UUU4) 


9.003(0.010) 


i 
1 


AC/T/A Ar\A\ 

OjO(O.OOO) 


1 </1 C/A AAA\ 

1.j4j(U.000) 


1. 000(0. 00j) 


\/ 1 AC/1 

V 11D4 


upn 


OAAC 

zUlD 


C2 C^/1 

33364 


343 /(U.UUlo) 


8.998(0.00/) 


i 
1 


mn/A aac \ 
/9(0.00j ) 


1 CCA, A AA/1 \ 

1.jj0(0.004) 


1.000(0.004) 


\/ 1 AC/1 

V 11D4 


upn 


OAA£ 


C "2 O £ 1 

33861 


4ouZ(U.UUU3 ) 


8.994(0.008 ) 


i 
1 


1 Q/l / A AA/T\ 

134(0.000) 


1 </1 O/A AAC\ 

1.j43(0.00j) 


1.004(0.004) 


\/ 1 AC/1 
V 1Uj4 


upn 


9 AAA 
ZUUO 


jjoOj 


1QC 1 /A AAA/1 \ 


o.yoy{\J. UU/ j 


1 




1 ^A/'n. aac\ 


1 r\A/i /'n aa<\ 


\/ 1 AC/1 

V 1UD4 


upn 


OAAA 

zUUo 


CI C*7C 

33o / j 


34ol(U.UUU4) 


8.99/(0.000) 


1 
1 


10j(0.00j ) 


1 ^^1 f(\ (\f\A \ 

1.jj1(0.004) 


1.00j(0.004) 


\/ 1 AC/1 

V 1U04 


upn 


OAAA 

zUUo 


CI Q77 

33o / / 




8.994(0.000) 


1 
1 


143(0.000) 


1.j4z(U.00j) 


1.0j/(0.00j) 


\ / 1 AC A 

V 1054 


Upn 


2000 


33882 


Till /A AAA /I \ 

331 1(U.UUU4) 


O AO/:/A AAC\ 

8.980(0.00j) 


i 
1 


1 0*7/A AAC \ 

18 /(0.00j) 


1 CC/C/A AA/1 \ 

1.jj0(0.004) 


1 A£ 1 /A AA/1 \ 

1.001(0.004) 


\/ 1 AC/1 

V 11D4 


upn 


zUUo 


33o93 


3jzo(U.UUU3 ) 


o nnc/n aac \ 
8.99j(0.00j ) 


i 
1 


108(0. 00j ) 


1 <C/1 /A r\r\/i \ 
1.jj4(U.004) 


1.0j9(0.004) 


\/ 1 AC/1 

V 11D4 


upn 


OAAA 

ZUU6 


CO QO/1 

33o94 


3ou4(U.UUU4) 


AA 1 /A AA/1 \ 

8.991(0.004) 


i 
1 


Iz /(U.OOj ) 


1.j4V(U.00j) 


1. 001(0. 00j) 


bQ Pej 


r 


OA A 1 

2004 


53236 


lA/l/A A A 1 1 \ 

3967(0.001 1) 


1 A 1 C"7 / A AAO \ 

10.157(0.008) 





963(0.014) 


1 n /I /A A 1 o \ 

1.574(0.013) 


1 1 O O / A A 1 0\ 

1.183(0.012) 


bQ Pq 


T 


o aa /i 

2004 


53237 


O £L ( A A A 1 1\ 

3662(0.001 1) 


1 A 1 OA /A AA"7\ 

10.129(0.007) 





AO O /A A 1 /C\ 

933(0.016) 


1 CAO/A A1 0\ 

1.598(0.012) 


1 1 O A/A A 1 O \ 

1.130(0.013) 


bQ Pq 


T 


o aa /i 

2004 


53259 


ATI Cf(\ A A 1 1 \ 

41 16(0.001 1) 


1 A 1 /I A / A AA"7\ 

10.149(0.007) 





AO A/A A 1 1 \ 

939(0.01 1) 


1 Z£.0 /A A 1 1 \ 

1.568(0.01 1) 


1 1 CC(f\ A1 £\ 

1.166(0.016) 


bQ Pq 


T 


o aa /i 

2004 


53260 


AO A C / A AAAO\ 

4846(0.0008) 


1 A 1 T~) /A AA/CN 

10.173(0.006) 


1 


ACO /A A 1 C\ 

053(0.015) 


1 f /CA/A A1 £\ 

1.560(0.016) 


1 1 *7A/A A 1 O \ 

1.179(0.013) 


bQ Pq 


T 


2004 


53261 


£ACA/A AAAO\ 

6059(0.0008) 


1 f\ i A A /A AA"7\ 

10.144(0.007) 





A A T/A A 1 1 \ 

947(0.01 1) 


1 a /A A 1 1 \ 

1.576(0.01 1) 


1 1 / A/A A 1 O \ 

1.160(0.013) 


hQ Pq 


J 


2004 


c o o o 

53263 


TOO/C/A AAAO\ 

3286(0.0008) 


1 A 1 /Tf /A AAO \ 

10.165(0.008) 


1 


A 1 1 /A A 1 A\ 

01 1(0.010) 


1 CAT / A f\1 A\ 

1.597(0.014) 


1 no / A A 1 o \ 

1.178(0.013) 








JJjZO^t 


J70Z(u.WUZj ^ 


1 1 RfifO 008"! 
1U. loO(W.UWo ) 


n 


yj 1 (W.UIO ) 


1 . J / o(u.ulO J 


1 1 fi e /0 01 ^"i 


bQ Pq 


T 


2004 


53265 


3348(0.0007) 


10.197(0.006) 


i 


079(0.016) 


1.567(0.013) 


1.172(0.016) 


bQPq 


T 


2004 


53280 


3039(0.0050) 


10.162(0.006) 


i 


052(0.015) 


1.587(0.011) 


1.174(0.012) 


bQ Pq 


T 


2004 


53281 


2675(0.0022) 


10.180(0.008) 


i 


107(0.017) 


1.591(0.010) 


1.160(0.013) 


bQPq 


T 


2004 


53287 


3928(0.0022) 


10.142(0.008) 


i 


070(0.011) 


1.581(0.013) 


1.157(0.013) 


bQPq 


T 


2004 


53289 


3472(0.0047) 


10.154(0.006) 


i 


125(0.013) 


1.574(0.012) 


1.163(0.012) 


bQ Pq 


J 


2004 


53335 


2905(0.0010) 


10.169(0.008) 





864(0.012) 


1.565(0.014) 


1.148(0.013) 


bQ Pq 


J 


2005 


53621 


3608(0.0030) 


10.144(0.006) 


1 


021(0.015) 


1.561(0.013) 


1.155(0.012) 


bQ Pq 


J 


2005 


53622 


4013(0.0029) 


10.146(0.005) 





992(0.017) 


1.567(0.011) 


1.150(0.011) 


bQ Pq 


J 


2005 


53626 


2942(0.0012) 


10.160(0.005) 


1 


127(0.013) 


1.562(0.012) 


1.138(0.012) 


bQPq 


T 


2005 


53641 


2928(0.0030) 


10.163(0.005) 


1 


127(0.012) 


1.554(0.011) 


1.158(0.011) 


bQPq 


T 


2005 


53652 


2815(0.0027) 


10.144(0.007) 


1 


138(0.015) 


1.546(0.012) 


1.151(0.011) 


bQPq 


T 


2005 


53664 


2628(0.0034) 


10.175(0.005) 


1 


002(0.013) 


1.556(0.012) 


1.175(0.011) 


bQPq 


T 


2005 


53672 


2250(0.0043) 


10.153(0.006) 


1 


094(0.014) 


1.571(0.012) 


1.137(0.012) 


bQ Pq 


J 


2005 


53673 


2791(0.0030) 


10.158(0.007) 


1 


095(0.014) 


1.585(0.020) 


1.157(0.013) 


bQ Pq 


J 


2005 


53686 


2577(0.0028) 


10.164(0.006) 


1 


067(0.015) 


1.560(0.012) 


1.144(0.011) 
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Table 4. The report of the mean flare occurence rate for all flares (together with fast and slow flares) for all program stars. 



Observing 


Observing 


Average 


Observing 


Flare 


Flare 


Star 


Season 


Phase 


Duration (h) 


Number 


Occur. Rate (/i -1 ) 


AD Leo 


2004-2007 


0.05 


9.17 


11 


1.200 


AD Leo 


2004-2007 


0.15 


2.74 


5 


1.825 


AD Leo 


2004-2007 


0.35 


6.73 


15 


2.229 


AD Leo 


2004-2007 


0.45 


4.60 


12 


2.610 


AD Leo 


2004-2007 


0.55 


15.65 


23 


1.470 


AD Leo 


2004-2007 


0.65 


8.19 


18 


2.198 


AD Leo 


2004-2007 


0.75 


9.92 


19 


1.915 


AD Leo 


2004-2007 


0.85 


5.11 


6 


1.174 


AD Leo 


2004-2007 


0.95 


2.40 


3 


1.250 


EV Lac 


2004 


0.05 


3.88 


3 


0.773 


EV Lac 


2004 


0.15 


3.62 


2 


0.553 


EV Lac 


2004 


0.25 


8.20 


4 


0.488 


EV Lac 


2004 


0.45 


0.91 


1 


1.099 


EV Lac 


2004 


0.55 


4.19 


4 


0.955 


EV Lac 


2004 


0.75 


5.17 


7 


1.354 


EV Lac 


2004 


0.85 


3.53 


3 


0.850 


EV Lac 


2004 


0.95 


8.12 


7 


0.862 


EV Lac 


2005 


0.25 


1.58 


2 


1.266 


EV Lac 


2005 


0.45 


1.88 


4 


2.128 


EV Lac 


2005 


0.55 


4.73 


8 


1.690 


EV Lac 


2005 


0.75 


4.36 


7 


1.606 


EV Lac 


2005 


0.85 


4.63 


5 


1.080 


EV Lac 


2005 


0.95 


4.74 


5 


1.055 


EV Lac 


2006 


0.05 


3.51 


3 


0.855 


EV Lac 


2006 


0.15 


2.35 


2 


0.850 


EV Lac 


2006 


0.25 


5.01 


8 


1.597 


EV Lac 


2006 


0.35 


3.65 


7 


1.918 


EV Lac 


2006 


0.45 


2.01 


3 


1.493 


EV Lac 


2006 


0.55 


2.17 


3 


1.382 


EV Lac 


2006 


0.65 


2.10 


3 


1.429 


EV Lac 


2006 


0.85 


1.33 


1 


0.752 


EV Lac 


2006 


0.95 


9.54 


5 


0.524 


V1005Ori 


2005-2006 


0.05 


3.78 


7 


1.850 


VI 005 Ori 


2005-2006 


0.25 


2.48 


4 


1.613 


VI 005 Ori 


2005-2006 


0.35 


7.79 


6 


0.770 


VI 005 Ori 


2005-2006 


0.65 


1.42 


3 


2.113 


VI 005 Ori 


2005-2006 


0.85 


4.45 


11 


2.472 


EQ Peg 


2004-2005 


0.05 


16.58 


8 


0.483 


EQPeg 


2004-2005 


0.15 


6.87 


3 


0.437 


EQ Peg 


2004-2005 


0.35 


14.69 


3 


0.204 


EQ Peg 


2004-2005 


0.45 


17.87 


9 


0.504 


EQ Peg 


2004-2005 


0.55 


22.31 


10 


0.448 


EQ Peg 


2004-2005 


0.65 


14.01 


3 


0.214 


EQ Peg 


2004-2005 


0.75 


32.90 


17 


0.517 


EQ Peg 


2004-2005 


0.85 


30.60 


7 


0.229 


EQ Peg 


2004-2005 


0.95 


19.59 


13 


0.664 



No. 



Usage of pas j 00 . els 
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Table 5. The report of the mean flare occurence rate for the fast flares for all program stars. 



Observing 


Observing 


Average 


Observing 


Flare 


Flare 


C+o-r 

otar 


Season 


Phase 


Duration (h) 


Number 


uccur. Kate yti ) 


AD Leo 


2004-2006 


0.05 


9.09 


3 


0.330 


AD Leo 


2004-2006 


A 1 C 

0.35 


6.73 


5 


A H A 1 

0.743 


AD Leo 


2004-2006 


0.45 


3.02 


2 


0.662 


AD Leo 


2004-2006 


0.55 


7.03 


5 


0.711 


AD Leo 


2004-2006 


0.65 


2.07 


2 


0.964 


AD Leo 


2004-2006 


0.75 


5.41 


4 


0.740 


AD Leo 


2004-2006 


A AC 

0.95 


£ AC\ 

6.40 


-> 

3 


A A £.C\ 

0.469 


EV Lac 


2004 


0.05 


2.81 


1 


0.356 


EV Lac 


2004 


0.15 


2.21 


1 


0.452 


EV Lac 


2004 


0.35 


1.79 


1 


0.559 


EV Lac 


2004 


0.45 


1.71 


1 


0.584 


EV Lac 


2004 


0.55 


10.60 


3 


0.283 


EV Lac 


2004 


0.55 


5.35 


1 


0.187 


EV Lac 


2006 


0.15 


4.06 


2 


0.493 


EV Lac 


2006 


0.25 


5.01 


2 


0.399 


LV Lac 


inn/' 

2006 


A A C 

0.45 


2.33 


i 
1 


A A OA 

0.4/9 


EV Lac 


2006 


0.55 


2.17 


1 


0.461 


EV Lac 


2006 


0.65 


2.06 


1 


0.486 


EV Lac 


2006 


0.95 


1.59 


1 


0.629 


V1005Ori 


2005-2006 


0.05 


5.78 


2 


0.346 


V1005Ori 


2005-2006 


0.25 


2.48 


2 


0.806 


VI 005 Ori 


2005-2006 


0.35 


2.96 


2 


0.675 


VI 005 Ori 


2005-2006 


0.65 


1.42 


2 


1.408 


VI 005 Ori 


2005-2006 


0.85 


4.45 


6 


1.348 


EQ Peg 


2004-2005 


0.05 


11.52 


5 


0.434 


EQPeg 


2004-2005 


0.15 


4.20 


2 


0.476 


EQPeg 


2004-2005 


0.35 


11.13 


2 


0.180 


EQPeg 


2004-2005 


0.45 


14.31 


3 


0.210 


EQPeg 


2004-2005 


0.55 


22.31 


4 


0.179 


EQPeg 


2004-2005 


0.65 


14.01 


3 


0.214 


EQPeg 


2004-2005 


0.75 


32.90 


10 


0.304 


EQPeg 


2004-2005 


0.85 


22.36 


4 


0.179 


EQ Peg 


2004-2005 


0.95 


19.59 


9 


0.459 
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Table 6. The report of the mean flare occurence rate for the slow flares for all program stars. 



Observing 


Observing 


Average 


Observing 


Flare 


Flare 


Star 


Season 


Phase 


Duration (h) 


Number 


Occur. Rate (/i -1 ) 


AD Leo 


2004-2005 


0.05 


10.36 


8 


0.772 


AD Leo 


2004-2005 


0.15 


2.74 


5 


1.825 


AD Leo 


2004-2005 


0.35 


5.03 


10 


1.990 


AD Leo 


2004-2005 


0.45 


6.31 


17 


2.694 


AD Leo 


2004-2005 


0.55 


9.94 


17 


1.710 


AD Leo 


2005-2006 


0.65 


6.68 


9 


1.347 


AD Leo 


2005-2006 


0.75 


9.92 


15 


1.512 


AD Leo 


2005-2006 


0.85 


5.11 


3 


0.587 


AD Leo 


2005-2006 


0.95 


2.23 


1 


0.448 


EV Lac 


2004 


0.05 


3.88 


2 


0.515 


EV Lac 


2004 


0.15 


2.21 


1 


0.452 


EV Lac 


2004 


0.25 


3.03 


2 


0.659 


EV Lac 


2004 


0.35 


2.69 


2 


0.743 


EV Lac 


2004 


0.45 


0.91 


1 


1.099 


EV Lac 


2004 


0.55 


1.08 


1 


0.926 


EV Lac 


2004 


0.75 


5.17 


3 


0.580 


EV Lac 


2004 


0.85 


3.53 


2 


0.567 


EV Lac 


2004 


0.95 


8.13 


3 


0.369 


EV Lac 


2006 


0.05 


3.51 


3 


0.855 


EV Lac 


2006 


0.25 


5.01 


6 


1.198 


EV Lac 


2006 


0.35 


4.94 


7 


1.417 


EV Lac 


2006 


0.45 


1.70 


2 


1.176 


EV Lac 


2006 


0.55 


2.17 


2 


0.922 


EV Lac 


2006 


0.65 


2.10 


2 


0.952 


EV Lac 


2006 


0.85 


1.33 


1 


0.752 


EV Lac 


2006 


0.95 


9.55 


4 


0.419 


V1005Ori 


2005-2006 


0.05 


2.45 


3 


1.222 


VI 005 Ori 


2005-2006 


0.25 


2.48 


2 


0.806 


VI 005 Ori 


2005-2006 


0.35 


7.80 


4 


0.513 


VI 005 Ori 


2005-2006 


0.65 


1.26 


1 


0.792 


VI 005 Ori 


2005-2006 


0.85 


4.45 


5 


1.124 


VI 005 Ori 


2005-2006 


0.95 


2.06 


2 


0.970 


EQPeg 


2004-2005 


0.05 


12.40 


3 


0.242 


EQ Peg 


2004-2005 


0.15 


2.67 


1 


0.375 


EQ Peg 


2004-2005 


0.35 


3.56 


1 


0.281 


EQ Peg 


2004-2005 


0.45 


17.86 


6 


0.336 


EQPeg 


2004-2005 


0.55 


15.31 


6 


0.392 


EQPeg 


2004-2005 


0.75 


25.09 


7 


0.279 


EQ Peg 


2004-2005 


0.85 


10.68 


3 


0.281 


EQ Peg 


2004-2005 


0.95 


16.60 


4 


0.241 



